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Background: EVLA has proven to be very successful, but the optimum methods for energy delivery have
still not been clariﬁed. A better understanding of the mechanism of action may contribute to achieving
a consensus on the best laser method and the most effective use of laser parameters, resulting in optimal
clinical outcomes, maintaining high success rates with minimal adverse events. The aim of this study is
to assess the impact of wavelength, pullback speed and power level on the endovenous temperature
proﬁle in an experimental setting.
Methods: In an experimental setting, temperature measurements were performed using thermocouples.
The experimental set-up consisted of a transparent box in which a glass tube was ﬁxed. Different laser
parameters (wavelength and power) and 2 different pullback speeds (2 and 5 mm/s) were used. Ther-
mocouples were placed at different distances from the ﬁber tip. Validity of the experimental setting was
assessed by performing the same temperature measurements using a stripped varicose vein. The
maximal temperature rise and the time span that the temperature was above collagen denaturation
temperature were measured.
Results: The experiments showed that decreasing the pullback speed (2 mm/s) and increasing the power
(up to 14 W) both cause higher maximal temperature and a longer time above the temperature for
collagen denaturation. The use of different laser wavelengths (940 or 1470 nm) did not inﬂuence the
temperature proﬁle.
Conclusion: The results of our experiments show that wavelength on its own has not been demonstrated
to be an important parameter to inﬂuence the temperature proﬁle.
 2012 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Endovenous laser ablation (EVLA) is most frequently used as
thermal therapy for saphenous varicose veins. EVLA is a challenging
traditional surgery as the gold standard for varicose vein treatment
because of its very high success rate (>90%),1 low rates of compli-
cations2 and recurrences. Although EVLA has proven to be very
successful, the exact working mechanism is still not fully identiﬁed,
and the procedure is, therefore, not yet standardised (i.e., wave-
length, pullback speed and power). Several studies, some of them
retrospective cohort analyses, suggest that a minimal energy
delivery of 60 J cm1 should be administered to achieve occlusion
of a vein.3e5 The lack of knowledge on working mechanism may
have contributed to the commercially driven proliferation of.R. van den Bos), t.nijsten@
ciety for Vascular Surgery. Publishedifferent laser wavelengths and modiﬁcations such as ﬁbre tips
with radial emission of laser light.
Thermal injury to the venous wall is generally accepted to be
responsible for vein occlusion in endovenous thermal treatments.
However, the exact mechanism of EVLA-induced temperature rise
is not well documented. Four main theories on the heat induction
of EVLA have been proposed: (1) direct absorption of the scattered
laser light by the vein wall,6,7 (2) heat transport by steam bubbles
emerging from the hot ﬁbre tip and heat release associated with
their condensation,8,9 (3) direct contact of the laser ﬁbre with the
vein wall7,10 and (4) heat diffusion from the hot ﬁbre tip.11
Knowledge about heat generation and heat transport is impor-
tant. Two studies measured intravenous temperatures during EVLA
(810 and 980 nm) of 61e140 C and perivenous temperatures of
35e48 C.12e14 The effect of the various laser parameters that may
affect the rise in temperature, such as wavelength, power level and
pullback speed (which are not standardised in EVLA) is poorlyd by Elsevier Ltd. All rights reserved.
Figure 2. Position of the thermocouples and ﬁber with deﬁnition of the radial
distance, r.
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wavelength, pullback speed and power level on the endovenous
temperature proﬁle in an experimental setting.
Methods
The experimental set-up consisted of a transparent box inwhich
a glass tube was ﬁxed. The glass tube was open at both ends so that
the laser ﬁbre and some thermocouples were introduced from
opposite ends. The box was ﬁlled with water (room temperature)
and the tube was ﬁlled with heparinised pig blood. Three ther-
mocouples were positioned within the tube (tc 1, 2, 3) and four
thermocouples were positioned at the outside of the tube and at
different distances from the tube wall (tc 4, 7: 0 mm, tc 5: 1 mm, tc
6: 2 mm) (Figs.1 and 2). The internal thermocouples inside the tube
were placed at three different positions because it was expected
that the temperature proﬁles would differ for various axial posi-
tions due to development of the heat caused by the laser ﬁbre
moving from left to right. To assess the validity of the experimental
setting, a stripped human great saphenous vein (GSV) was used for
similar temperature measurements. In these experiments, ther-
mocouples were placed inside the vein and at the outer surface of
the vein. This was done since positioning thermocouples at
a certain distance from the outer surface was not possible due to
ﬂexibility of the vein.
Two laserwavelengthswereused:940nm(Diode,DornierDiomed
LTD) and 1470 nm (neodymium:yttriumealuminiumegarnet, ELVeS
BiolitecAG,Germany).Toassureacentredpositionof the laserﬁbres in
the tube (i.e., ﬁxed distance to the thermocouples), the end-emitting
laser ﬁbres (core diameter of 0.6 mm) were centred in the tube
usinga ‘tulip’pieceattached totheﬁbre tip.15Weusedanewﬁbreafter
two experiments, after one experiment the tip was cleft. The
temperature experimentswere repeated for twopullback speeds, v, (2
and 5 mm s1), two laser wavelengths, l, (940 and 1470 nm) and
several values for laser power, P (continuous mode). The measured
outputwas different from the power setting. At 940 nm themeasured
powerwas4.58Watapower settingof 5W,12.8W(setting14W)and
18.3 W (setting 20 W). At 1470 nm, the measured output was 4.6 W
(setting 5 W) and 12.7 W (setting 14 W). For each of the 10 possible
combinations of parameters, temperature measurements were
repeated5 times.Toassess theendovenoustemperatureproﬁle,DTmax
and Dtden were calculated from this graphical representation. DTmax
was deﬁned as the maximal temperature increase above the initial
temperature (about 20 C) measured by any of the thermocouples
inside the tubeandby theouter thermocouples, andDtdenwasdeﬁned
as the time span that the temperature was above 50 C (i.e., temper-
ature atwhichcollagendenatures). This timespanreﬂects thedamage
to the collagen of the vein wall, which is assumed to be required for
successful thermal ablation.16e18 Mean outcomes and standard devi-
ation (SD) were calculated for DTmax and Dtden for the measurements
of the experiments that were repeated 5 times. The SD in Figs. 3 and 4
are presented with vertical error bars; the horizontal error bars indi-
cate uncertainty in measurement location.Figure 1. Schematical representation of the experimental setup.Statistical Analyses
Continuous variables are presented as means with a SD and
were compared between groups using a Student t-test. We used
Statistical Package for the Social Sciences (SPSS) 15.0 software (SPSS
Inc., Chicago, IL, USA), and two-sided p-values were considered
signiﬁcant if <0.05.
Results
The results for DTmax, are graphically depicted per wavelength
and by measured power (Fig. 3) and per pullback speed (Fig. 4) at
radial distance r (mm) from the ﬁbre tip. The time span that the
temperature was above the threshold value for collagen denatur-
ation (Dtden) is listed in Table 1.
Increasing the speed from 2 to 5 mm s1 resulted in a decrease
in DTmax for both wavelengths (Fig. 3). In addition, higher pullback
speed resulted in lower Dtden (Table 1). Increasing the power level
from 4.6 W to 12.8 W resulted in higher DTmax, but only a minor
effect on DTmax was observed for a further increment to 18.3 W in
the 940 nm laser wavelength (Figs. 3 and 4). However, Dtden
increased nearly linearly with increasing power (Table 1).
Since themeasured power value at the ﬁbre output proved to be
lower than the set values during the experiments (power
measurements: sensor Ophir 30 A (power accuracy  3%), meter
Ophir Nova), with differences slightly depending on the laser used,
an additional comparison was made using a measured power
output of 12.8 W for both lasers. Variations in DTmax due to wave-
length can only occur within a distance of about 2 mm from the
laser tip (Fig. 5). More and more accurate measurements are
required to give conclusive results regarding the wavelength
dependency of the time-dependent temperature ﬁeld around the
ﬁbre. The applied laser wavelengths (940 nm or 1470 nm) had only
little effect on DTmax.
Fig. 6 shows the temperature results using a varicose vein (GSV).
Although the obtained maximum temperatures were higher than
the temperatures in the glass tubes, the differences were not
statistically signiﬁcant for the combinations of different laser
settings and distances to the laser tip, except for the 12.8 W,
5 mm s1 at a distance of 3 mm (p ¼ 0.02).
Discussion
Our simulated experiments of EVLA conﬁrmed that pullback
speed and power level both inﬂuence the temperature proﬁle. We
showed that only combinations of laser power and pullback speed
that supply a relatively high administered energy per cm resulted in
substantial Dtden values. At 940 nm, DTmax and Dtden increased
when the power was increased from 4.6 W to 12.8 W and at
1470 nm, DTmax and Dtden increased when the power was increased
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Figure 3. DTmax as a function of distance from the ﬁber tip for combinations of power (output) and pullback speed, left for 940 nm and right for 1470 nm. P, Power; W, watt;
v, speed; r, radial distance.
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the power to 18.3W, only the Dtden further increased and DTmax did
not. This means that further increasing the power to 18.3 W at
940 nm may cause more damage to the vein wall. At 1470 nm, this
experiment could not be performed because the power setting was
limited to 14 W. The stagnation in maximum temperature is
explained by noting that the maximum temperature approaches
the boiling point, which limits further increase of temperature.
Only combinations of power level and pullback speed that supply
a relatively high administered energy per cm (approximately
>60 J cm1) result in substantial Dtden, which is in line with
previous studies suggesting a threshold of 60 J cm1 for durable
vein occlusion.3e5 It was not our aim to propose the appropriate
energy dosing based on our experiments. Ideally, this should be
based on a comparative randomised trial using different laser
parameters studying effectiveness and side effects. However, based
on our experimental data, we could hypothesise that, for effec-
tiveness, at least 12.8 W in combination with a pullback speed of
2mm s1 should be administered independent of laser wavelength.
To prevent side effects, it seems logical to prevent vein wall
perforations by preventing direct contact of the laser tip with the
vein wall, for example, by using a tulip piece around the tip.150
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Figure 4. Comparison between wavelengths of DTmax at various power (output) levels and
distance.The most important conclusion drawn from the experimental
results is that the temperature proﬁles of 940 and 1470 nm laser
wavelengths are virtually identical at equal pullback speed and
power. Thewavelengthsused in this studycover theclinicallyapplied
range of wavelengths to a large extent. Light at 940 nm is primarily
absorbed by haemoglobin with about 0.16 mm1 blood absorption
coefﬁcient, verycomparable to the0.12e0.17mm1 bloodabsorption
coefﬁcients between 810 and 1064 nm,19 and light at 1470 nm
primarily by water with about 2.5 mm1 blood absorption coefﬁ-
cient. The resulting temperature proﬁles are virtually identical for
different laser wavelengths. Consequently, possible differences in
outcome between different EVLA studies may not be explained by
different laser wavelengths but rather by differences in other laser
parameters such as pullback speed, power and ﬁbre tip design.20
In addition to virtually identical DTmax and Dtden for equal power
and pullback speed for both 940 nm and 1470 nm laser wave-
lengths, the extreme temperature near the laser ﬁbre tip is likely to
be comparable as well. In a recent study, the tips of ﬁbres used for
940 nm and 1470 nmwere both damaged suggesting temperatures
of more than 800 C.21
It has been suggested that only intraluminal thrombosis caused
by EVLA may be sufﬁcient for vein occlusion. If that is the case, our0
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Table 1
Values for Dtden (seconds), mean  SD for three different power outputsa and two
pullback speeds.
v ¼ 2 [mm/s]
4.6 Wb 4.6 Wb 12.8 Wc 12.8 Wc 18.3 Wd
r[mm] 940 1470 940 1470 940
2 2.6  2.9 2.3  1.5 8.3  1.4 9.7  0.8 9.6  1.8
v ¼ 5 [mm/s]
4.6 Wb 4.6 Wb 12.8 Wc 12.8 Wc 18.3 Wd
r[mm] 940 1470 940 1470 940
2 0.1  0.1 0.0  0.1 2.4  1.5 1.5  1.4 3.7  1.5
a Power output differed from power setting.
b Power setting 5 W.
c Power setting 14 W.
d Power setting 20 W.
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Figure 6. Comparison of DTmax for experiments with a great saphenous vein (GSV) and
a glass tube. P, Power; W, watt; v, speed; r, radial distance.
R.R. van den Bos et al. / European Journal of Vascular and Endovascular Surgery 44 (2012) 77e8180minimal threshold of 50 C needed for collagen denaturation of the
vein wall may not be needed. We based this threshold on the
histological studies post-EVLA and the observation of RFA-induced
venous remodelling assuming that collagen alteration is important
for durable occlusion. However, changing the threshold of 50 C to,
for example, 40 C would not change the conclusion of this study
that a wavelength change from 940 nm to 1470 nm did not
demonstrate a change in temperature rise.
In the experiments with a varicose vein, peak temperatures
were higher, but not statistically signiﬁcant, to those measured in
the glass tube. We hypothesise that the thermocouples were
located closer to the ﬁbre tip in the varicose vein because the vein
might have been compressed and contracted during the experi-
ments. A thermocouple location of only 0.5 mm closer to the ﬁbre
tip would already explain the increase in maximum temperatures
in Fig. 6. Subcutaneous tissue and water have similar heat diffu-
sivity. More importantly, also the glass tube material has a similar
heat diffusivity of about 0.16 106 m2 s1. Two signiﬁcant transport
mechanisms of heat, diffusion and radiation, are therefore virtually
the same in actual veins and in the mock-up we employed. Alto-
gether, the ﬁndings in the varicose vein and glass tube were very
comparable conﬁrming the validity of the experimental setting of
a glass tube. The latter is also more suitable for the performed
measurements because of its constant shape and position, yielding
better reproducible measurement conditions.0
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Figure 5. Peak temperature values at 12.8 W. Variations in DTmax due to wavelength
variation can only occur within a distance of about 2 mm from the line over which the
laser tip is moving. P, Power; W, watt; v, speed; r, radial distance.Our results are in linewith a previous study inwhichwe showed
that ﬁbre tips after EVLA had a carbonised layer of blood on the tip
and destruction of the ﬁbre glass was visible, suggesting that the
temperature rise close to the ﬁbre tip is high. These results were
also independent of laser wavelength. The carbonised layer on the
ﬁbre tip absorbed between 30% and 70% of the laser light emission
suggesting that heat diffusion is a major mechanism for EVLA,
independent of wavelength.21 This observation also supports two
other temperature-related mechanisms, namely, steam bubble
formation and direct contact of the ﬁbre tip with the vein wall,
since both mechanisms are based on exceedingly high ﬁbre tip
temperature.
Conclusions
The ﬁndings of this study are that increasing power (up to
18.3 W) and decreasing pullback speed (from 5 mm s1 to
2mm s1) result in higher peak temperatures. Only a relatively high
administered energy per unit length results in high enough
temperatures to cause collagen denaturation. In addition, wave-
length has not been demonstrated to be an important parameter to
inﬂuence the temperature proﬁle in EVLA. These observations
suggest that the working mechanism of EVLA is independent of
laser wavelength. In future studies, standardised clinical parame-
ters based on this study could be applied and tested in a rando-
mised clinical trial. A better understanding of the mechanism of
action may contribute to achieving a consensus on the laser
settings resulting in an optimal riskebeneﬁt ratio (high effective-
ness, with minimal adverse events).
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